In the first application, analytical mathematical models are routinely used to predict drawdowns as a result of pumping wells for industrial or municipal uses. Dewatering that accompanies mining when a coal seam is below the water table can be treated using analytical formulas from well hydraulics (e.g., Van Voast and Hedges 1975). Numerical models have been used to study the regional rather than localized effects of dewatering caused by coal mining. Such models include generic studies by Wilson and Hamilton (1978) and several site-specific studies in the Northern Great Plains and the Powder River basin (Riordan 1979, Mclntosh 1979, Croft and others 1978, Hittman Associates, Inc. 1979). Similar models have also been used to predict the effects of dewatering caused by other types of mining, such as oil shale (Weeks and others 1974) and to predict the effects of pumping (see Prickett 1975 for references).
McWhorter and others (1979) presented a simple analytical model for predicting the change in the ground-water flow pattern after reclamation. With this model, the hydraulic conductivity of the undisturbed aquifer, the hydraulic conductivity of the spoils material, the radius of the disturbed area, and the regional flow rate are used to predict the amount of divergence of the flow lines around the spoils aquifer. The model assumes that (1) the aquifer covers a large area; (2) the flow is uniform and one dimensional at great distances from the mined area; (3) the undisturbed aquifer and the spoils aquifer are each homogeneous and isotropic; (4) the geometry of the disturbed portion of the aquifer is that of a cylinder with the axis normal to the plane of the flow and (5) the flow around the reclaimed area is two dimensional and steady.
Ground-Water Quality
The development of mathematical models to predict changes in ground-water quality is currently an area of active research. Some computer models have been developed and documented (Konikow and Bredehoeft 1978), and several models of ground-water quality have been applied to field situations (Anderson 1979).
However, the use of these models in field situations raises several problems both theoretical and practical. The theoretical difficulties include problems in solving the governing equation used in the model, controversy over the correct form of the governing equation, and problems in quantifying chemical reactions for incorporation into the model. Field problems involve acquiring the necessary input data. Specifically, the variations in hydraulic conductivity must be quantified in more detail than is economically feasible in most field investigations. Moreover, measurement of other parameters (such as dispersivity and chemical reaction terms) required by many of the contaminant transport models is difficult; that difficulty may be partially resolved through the incorporation of stochastic structure into contaminant transport models: that is, it will probably be; because the
